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strongly support our idea that this region, though its complete crystal
structure is still unclear, exclusively accommodates chemically
diverse inhibitors in a manner dependent on their structural
properties. We conclude that fenpyroximate does not bind to the
distal end of the membrane domain, but rather resides at the
interface between the two domains in a manner such that the
pharmacophoric pyrazol ring and side chain of the inhibitor orients
toward the PSST and 49 kDa subunits, respectively. The present study
answers a critical question relating to complex I.
doi:10.1016/j.bbabio.2012.06.169
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Recent determination of X-ray structure of bacterial and mitochon-
drial complex I by Sazanov's and Brandt's groups (at 4.5 and 6.3 Å
resolution, respectively) is a great contribution to the complex I research.
In this mini-review of 35 year's history of T. Ohnishi's laboratory and
her collaborators, we have characterized the function of two distinct
protein-associated semiquinone species, SQNf and SQNs (fast relaxing
and slow relaxing SQ) for the proton-pumping mechanism in complex I
(NADH-ubiquinone oxidoreductase). We have constructed most of the
frame work of our proton-pumping hypothesis, utilizing EPR techniques
before the X-ray structures of complex I were reported. The SQNf is
extremely sensitive to the proton motive force (ΔP) imposed on the
energy-transducing membrane, while the SQNs is insensitive to ΔP.
Although their sensitivity to piericidin A is almost the same, their
sensitivity to rotenone inhibition is considerably different. These
differences were exploited using tightly coupled bovine heart submito-
chondrial particles with a high respiratory control ratio (N8). Their SQ
free radical spectra were not resolvable by the X-band (9.7 GHz) EPR
spectroscopy. We have extended this work to the reconstituted
bovine heart complex I proteoliposome system which shows a
respiratory control ratio N5. Utilizing high frequency Q-band
(33.9 GHz) EPR techniques, we resolved EPR spectra of individual
SQNf and SQNs molecules. They show considerably different gZ, Y,X
values and line widths LZ,Y,X values which appear to favor our two-
semiquinone model for complex I proton-pumping mechanism. We will
discuss mechanistic detail in this poster. Two frontier research groups,
Friedrich's and Brandt's group support our viewpoint based on their
mutagenesis studies on the Sazanov's “piston rod part (HL-Helix)”.
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Deactive complex I from Bos taurus is a Na+/H+ antiporter
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The proton pumping subunits of NADH:ubiquinone oxidoreduc-
tase (complex I) share homology with the Mrp family of Na+/H+
antiporters [1]. Here we show experiments to investigate whether
mammalian complex I exhibits any Na+/H+ antiporter activity.
Experiments were performed by analysing proton movement (using
9-Amino-6-Chloro-2-Methoxyacridine (ACMA), a ﬂuorescent probe
sensitive to ΔpH) in bovine submitochondrial particles (SMPs) and
proteoliposomes (PLs) containing isolated bovine complex I. ACMA
ﬂuorescence is quenched as it accumulates inside vesicles with a
larger pH, and quenching is reversed as ΔpH collapses [2].
Mammalian complex I has been demonstrated to exist in two
distinct states, known as ‘active’ and ‘deactive’ [3]. When complex I
was deactivated by incubation at 37 °C, ﬂuorescence changes
corresponding to a Na+/H+ antiporter were observed. A pH gradient
across the SMP membrane was created by the addition of succinate
(observed as an ACMA ﬂuorescence quench), and addition of 5 mM
Na+ to the external buffer increased the rate at which the pH gradient
was dissipated. When the same experiment was performed after
activation of complex I in SMPs (by incubation with NADH) no
increased rate of pH dissipation was observed in the presence of
sodium in the external buffer, compared to the control. Furthermore,
when complex I proteoliposomes loaded with Na+ (in the absence of
any substrates) were placed into buffer containing low Na+
concentrations, an ACMA quench was observed suggesting move-
ment of protons into the vesicular lumen. In both PLs and SMPs the
antiporter activity was inhibited by the complex I inhibitors rotenone
and 2-decyl-4-quinazolinyl amine. Therefore, our data shows that in
the deactive form of mammalian complex I the Mrp homologous
subunits exhibit Na+/H+ antiporter activity, even though the enzyme
primarily functions as a redox driven proton pump.
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The energy converting NADH:ubiquinone oxidoreductase, respi-
ratory complex I, couples the transfer of two electrons from NADH to
ubiquinone with the translocation of four protons across the
membrane. It consists of a peripheral arm involved in electron
transfer and a membrane arm involved in proton translocation. The
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